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We report a synchrotron x-ray scattering study of the magnetoresistive manganite
La0.875Sr0.125MnO3. At low temperatures, this material undergoes an x-ray induced structural
transition at which charge ordering of Mn3+ and Mn4+ ions characteristic to the low-temperature
state of this compound is destroyed. The transition is persistent but the charge-ordered state can
be restored by heating above the charge-ordering transition temperature and subsequently cooling.
The charge-ordering diffraction peaks, which are broadened at all temperatures, broaden more upon
x-ray irradiation, indicating the finite correlation length of the charge-ordered state. Together with
the recent reports on x-ray induced transitions in Pr1−xCaxMnO3, our results demonstrate that the
photoinduced structural change is a common property of the charge-ordered perovskite manganites.
PACS numbers: 64.70.Kb, 71.30.+h, 72.80.Ga, 78.70.Ck
Perovskite manganites of the general formula
A1−xBxMnO3, where A and B are trivalent and diva-
lent metals, respectively, have recently attracted consid-
erable attention by virtue of their unusual magnetic and
electronic properties [1]. These properties result from
an intricate interrelationship between charge, spin, or-
bital and lattice degrees of freedom that are strongly
coupled to each other. Manganite perovskites exhibit
a variety of conducting and insulating phases possessing
different types of magnetic ordering and structural dis-
tortion. Transitions between these phases can be induced
by varying temperature, pressure, or magnetic field. In
the latter case the celebrated phenomenon of “Colossal
Magnetoresistance” is observed.
Recently, the manganite perovskite
Pr1−x(Ca,Sr)xMnO3 (x = 0.3 − 0.5) has been shown to
undergo an unusual insulator-metal transition when it is
exposed to an intense x-ray beam at low temperatures [2]-
[5]. (Visible light does not induce the transition unless
an external electric field is applied [6].) Pr0.7Ca0.3MnO3
is a paramagnetic semiconductor at high temperatures,
and a charge ordered (CO) antiferromagnetic insulator
with a static superlattice of Mn3+ and Mn4+ ions below
∼200K [7,8]. Upon x-ray irradiation below ∼40K, the
material is converted to a ferromagnetic conductor, and
the charge-ordering is destroyed [2]. Simultaneously, sub-
stantial changes in the lattice parameters are observed
[3]. These changes are associated with the relaxation
of the static Jahn-Teller distortion of the Mn3+O6 octa-
hedra of the CO phase upon the transformation to the
metallic phase and the concomitant charge delocaliza-
tion [2]. However, the depression of the charge-ordering
is not observed in all the investigated sample composi-
tions. Therefore, mechanisms of the photoinduced tran-
sition which do not depend on the lattice relaxation were
proposed [5]. The details of the transition mechanism on
a microscopic level are, however, still not completely un-
derstood. The nature and the relative importance of the
local electronic and structural changes produced by the
photoelectrons in these materials require further inves-
tigation. In particular, study of the photoinduced tran-
sitions in the manganites exhibiting different properties
than those of Pr1−x(Ca,Sr)xMnO3 should be helpful.
In this paper we study La0.875Sr0.125MnO3, a per-
ovskite manganite with a different composition and dop-
ing level than the previously investigated Pr-based ma-
terials. La0.875Sr0.125MnO3 is orthorhombic at all tem-
peratures. In terms of the underlying distorted primitive
cubic perovskite cell dimension ac, the orthorhombic lat-
tice constants are approximately expressed as a ∼
√
2ac,
b ∼
√
2ac, c ∼ 2ac. The orthorhombic axes a, b, and c
run along the (1 1 0)c, (1 -1 0)c, and (0 0 1)c directions
in the cubic lattice, respectively. At room temperature,
La0.875Sr0.125MnO3 is a semiconductor with the lattice
constants satisfying c/
√
2 ∼ a ∼ b (the O∗ phase) [9].
As the temperature is reduced below TS ∼260K, it un-
dergoes a transition to the distorted O′ phase in which
c/
√
2 < a < b. At Tc ∼190K it becomes a ferromagnetic
metal, and finally at TCO ∼150K the material undergoes
a transition to the charge-ordered canted insulating state
which is pseudocubic in analogy to the high-temperature
O∗ structure [9]. This low temperature state is struc-
turally distinct from the O∗ phase [10] and is referred to
as the O′′ state. The CO state exhibits a static lattice
distortion due to the spatial ordering of the Jahn-Teller
distorted Mn3+O6 octahedra. This distortion results in
a doubling of the unit cell in the c direction, giving rise
to (H, K, L±0.5) neutron diffraction peaks (CO–peaks)
[11]. The charge-ordering pattern in La0.875Sr0.125MnO3
is different from the one found in the CO phase of the
Pr1−x(Ca,Sr)xMnO3 materials [8].
We find that below Tx ∼40K x-rays induce a
structural transition at which charge-ordering is de-
stroyed and lattice constants change significantly. As
in Pr0.7Ca0.3MnO3, this transition is persistent as evi-
denced by the fact that the material remains in the x-
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ray-converted state when the x-rays are off; however, the
CO state can be restored on heating above TCO and sub-
sequent cooling. The low-temperature CO state is pos-
sibly metastable below the phase transition temperature
TS1, TS1 <40K. The CO–peaks are broad at all temper-
atures, indicating that the charge-ordered domains never
grow larger than ∼500A˚ in size. Our results show that
the photoinduced structural change is a common feature
found in the CO phase of the perovskite manganites of
various compositions and doping levels.
FIG. 1. Longitudinal x-ray diffraction scans in the vicinity
of the (2 0 0) and (2 0 2) Bragg peaks at various temperatures.
The measurements were performed in a closed-cycle
displex refrigerator mounted on a four-circle goniome-
ter at beamline X20A at the National Synchrotron Light
Source. The x-ray beam was monochromatized by a dou-
ble crystal Ge (111) monochromator, scattered from the
sample, analyzed by the Ge (111) crystal and detected
by a scintillation detector. The incident photon energy
was 8 keV, and the photon flux was ∼ 3×1011s−1mm−2.
Single crystals of La1−xSrxMnO3 were grown at MIT by
the floating zone technique described elsewhere [12]. The
sample composition was verifyed by electron probe mi-
croanalysis. For this experiment, a sample with x =
0.123 ± 0.003 was chosen. The transition temperatures
TS , TC , and TCO were determined by electrical resistiv-
ity and magnetic susceptibility measurements and agreed
well with the previously reported values.
To illustrate the structural phase transitions that take
place in La0.875Sr0.125MnO3 at TS and TCO, we show
longitudinal (i.e. parallel to the scattering vector) x-
ray diffraction scans taken at several temperatures in the
vicinity of the (2 0 0) and (2 0 2) Bragg peaks in Fig.
1. The orthorhombic structure of La0.875Sr0.125MnO3 is
derived from the underlying distorted cubic perovskite
structure. Therefore, due to the presence of different
twin domains in our sample, (2 0 0), (0 2 0), and (1 1 2)
Bragg peaks are simultaneously present in the scans of
Fig. 1(a). For the same reason, (2 0 2) and (0 2 2) peaks
are present in Fig. 1(b). A small difference between the
a, b, and c/
√
2 lattice constants results in the separa-
tion between the Bragg peaks corresponding to different
twin domains. The relative intensities of the peaks orig-
inating from the different twin domains reflect the rel-
ative domain populations in the portion of the sample
probed by x-rays. At T>TS , two peaks can be identi-
fied in each scan. In Fig. 1(a) the weaker peak is (2 0
0), and the stronger one contains both (0 2 0) and (1
1 2) peaks. In Fig. 1(b), the weaker and the stronger
peaks are (2 0 2) and (0 2 2) respectively. The lattice
constants obtained from these data are similar to those
reported in Refs. [9,10] indicating that the sample is in
the O∗ phase. At TCO < T < TS the material is in the
distorted O′ phase. In this phase, the (2 0 2) and (0
2 2) peaks broaden, indicating that a substantial lattice
strain occurs. At T<TCO, the material recovers pseu-
docubic structure [9,10]. This charge-ordered phase, de-
noted as O′′, is distinct from the high-temperature O∗
phase because it exhibits a different type of orthorhom-
bic distortion (a >∼ b ∼ c/
√
2) [10]. As the result, the
diffraction patterns at T=280K and at T=50K shown in
Fig. 1(a) are clearly different.
We now turn to the x-ray induced structural transi-
tion that takes place at T < Tx ∼40K. Fig. 2(a) shows
x-ray diffraction scans in the vicinity of the (2 0 0) Bragg
peak at T=10K. The sample was cooled down with no
x-rays present. Each scan was taken with the incident
x-ray beam attenuated 4000 times to insure that no pho-
toinduced change occurred during the scan. Between the
scans, the sample was subjected to the full beam inten-
sity. The total full-beam x-ray exposure time is indicated
beside each scan in Fig. 2(a). As the result of the x-ray
irradiation, the two diffraction peaks merge. The effects
of the x-ray irradiation on the (2 0 2) Bragg peak are
shown in Fig. 2(b). No x-ray induced peak broadening
is observed in the data of Fig. 2(b), and therefore the
crystal lattice long-range order is not affected by the x-
rays. The data of Fig. 2(a) were fitted to the sum of two
resolution-limited Lorentzian peaks. The results of the
fits are shown as solid lines in this figure. The resulting
peak separation as a function of x-ray exposure time is
shown in Fig. 2(c). Since the peaks are not resolved for
times t>2 min, the peak separation can be smaller than
shown in this figure. This is indicated by an extended
error bar at t=30 min. The transition is essentially com-
plete after 30 min (5 × 1014 photons per mm2). In the
vicinity of the (2 0 0) and (2 0 2) Bragg positions, the
diffraction pattern found in the x-ray converted phase
coincides within the accuracy of our experiment with the
diffraction pattern found at T=280K, when the latter is
corrected for a uniform thermal contraction. This sug-
gests that the x-ray converted phase is similar to the
high-temperature O∗ phase. However, complete crystal
structure determination is required to prove this hypoth-
esis. To sum up, the data of Fig. 2 show that substan-
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tial structural changes are induced in La0.875Sr0.125MnO3
when this material is subjected to x-ray irradiation at
T=10K. Similar to the case of Pr,Ca-based manganites,
the material remains in the x-ray induced state in the ab-
sence of x-rays, but the original O′′ phase can be restored
after heating above TCO and subsequently cooling.
FIG. 2. X-ray irradiation effects on the diffraction scans in
the vicinity of a) (2 0 0), and b) (2 0 2) Bragg peak posi-
tions. The temperature is 10K. The full-beam x-ray exposure
time is indicated for each scan. The solid lines in (a) are the
results of fits as discussed in the text. Panel (c) shows the
peak-separation of (a) as a function of x-ray exposure.
As neutron diffraction measurements of Yamada et al.
demonstrated [11], charge ordering of Mn3+ and Mn4+
ions occurs below TCO=150K. The lattice distortion as-
sociated with the charge-ordering gives rise to (H K
L±0.5) diffraction peaks (H, K, L integer). X-ray ir-
radiation has been shown to destroy charge-ordering in
Pr0.7Ca0.3MnO3 [2]. The data of Fig. 3 demonstrate
that this is also the case for La0.875Sr0.125MnO3. In this
figure, the x-ray irradiation dependence of the (2 0 1.5)
CO-peak intensity at T=10K is shown. The inset in Fig.
3 demonstrates that the structural changes occur only in
the presence of x-rays. The CO-peak intensity is reduced
by an order of magnitude after 300 min of x-ray exposure.
The temperature dependences of the CO-peak intensity
and its intrinsic width taken on cooling and on heating
are shown in Fig. 4. Due to the weakness of the CO peak,
the data had to be taken using the full-beam intensity.
The suppression of the CO peak intensity below Tx=40K
is x-ray induced and is not observed in the neutron exper-
iment of Ref. [11]. No x-ray irradiation effects are found
for T>Tx. The CO-peak intensity does not recover all
the way on heating. Instead, it saturates at T∼60K.
At about the same temperature, the lattice gradually re-
covers the orthorhombic distortion characteristic to the
unexposed material. These data suggest that the CO-
state is metastable at low temperatures, with the new
equilibrium transition temperature TS1 <40K. A simi-
lar suggestion has been made previously for the case of
Pr,Ca- manganites [5]. The CO-peaks are broad at all
temperatures, and the correlation length of the charge-
ordered state is always smaller than 500A˚. Below Tx, the
width of the CO-peaks grows with x-ray exposure. This
is illustrated in the bottom panel of Fig. 4: at T=10K,
the point with smaller inverse correlation length is taken
after 2 hours of x-ray exposure, and the point with larger
inverse correlation length – after an additional 9 hours of
x-ray irradiation.
FIG. 3. X-ray irradiation dependence of the (2 0 1.5)
charge-ordering peak intensity at T=10K. The inset shows
the CO-peak intensity for t<25 min. The solid line in the in-
set indicates the period of time when the x-rays were turned
off.
The structural changes found in La0.875Sr0.125MnO3
and in Pr1−xCaxMnO3 (Refs. [2,3]) are similar. How-
ever, the doping level (x = 1
8
), and the CO pattern
in La0.875Sr0.125MnO3 are very different from those of
Pr,Ca-manganites exhibiting the photoinduced transi-
tion. The feature common to the CO phases in man-
ganites is the static ordering of the Jahn-Teller distorted
Mn3+O6 octahedra. The photoinduced relaxation of the
lattice distortion associated with this ordering is now
found in two different CO systems. This suggests that
such a relaxation is an intrinsic feature of the photoin-
duced transition in manganites. In the model proposed
in Ref. [2], an x-ray photon removes an electron from the
Jahn-Teller Mn3+O6 self-trap, leading to the relaxation
of the lattice distortion (Mn4+ is not a Jahn-Teller ion).
The electron goes to the conduction band and is not re-
captured because of the metastable nature of either the
metallic or the CO state. However, it has been found in
more recent work that the structural changes do not al-
ways accompany the photoinduced insulator-metal tran-
sition [5]. Since the lattice distortion is a characteristic
feature of the non-conducting CO state, this result is sur-
prising. However, it can be explained if, as in the case of
Pr0.7Ca0.3MnO3, the photoinduced state is highly inho-
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mogeneous. It has been shown that in Pr0.7Ca0.3MnO3
the photoinduced transition proceeds via the growth of
islands of the second phase inside the original CO phase
[3,5]. While the percolating network of such islands re-
sults in the insulator-metal transition, the associated lat-
tice relaxation may be unobservable if the fraction of the
photoconverted material is small. Thus, one of the pos-
sible mechanisms of the x-ray induced transition involves
the lattice relaxation caused by the photoelectrons as an
essential part. However, other mechanisms have been
proposed [5], and more experimental and theoretical work
is required to elucidate the microscopic nature of the pho-
toinduced transitions in manganites.
FIG. 4. Temperature dependence of the (2 0 1.5)
charge-ordering peak intensity (top panel), and the
charge-ordering inverse correlation length (bottom panel)
taken on cooling and heating. The correlation length was ex-
tracted by fitting the longitudinal x-ray diffraction scans to a
Lorentzian fitting function convoluted with the experimental
resolution.
Our experiments show no direct evidence of phase sep-
aration during the x-ray induced transition. The change
of the lattice constants in this transition is relatively
small, making observation of the growth of the second
phase within the original CO matrix difficult. How-
ever, the growth of the CO-peak width with the x-ray
exposure is consistent with the gradual diminution of
the CO-regions in the course of the transition. In ad-
dition, the fact that the characteristic size of the CO
regions (∼500A˚) is similar to the microdomain size in
the phase separated La0.5Ca0.5MnO3 (Ref. [13]) suggests
that the phase separation might already be present in
the unexposed material. In both La1−xSrxMnO3 and
Pr1−xCaxMnO3, the CO pattern does not change when
the doping level x slightly deviates from the “ideal” com-
mensurate value xc [7,11] (xc =
1
8
for the former, and
xc =
1
2
for the latter material). The CO phase is most
stable at x = xc. In fact, Pr0.5Ca0.5MnO3 undergoes
the x-ray induced transition only in high magnetic fields
[4]. On the contrary, the transition is easily induced
in La0.875Sr0.125MnO3 (x = xc). Without making any
statement on the nature of the low-temperature state
of this material, we note that the presence of a small
O∗ phase fraction in the unexposed La0.875Sr0.125MnO3
(phase separation) could explain why this material is so
prone to the x-ray induced transition.
The last point that we would like to make is that
while the photoinduced transitions found in Pr,Ca-
manganites were always of the insulator-metal type,
the transport properties of the photoinduced phase in
La0.875Sr0.125MnO3 have not yet been determined and
will be the subject of future work.
In summary, La0.875Sr0.125MnO3 undergoes an x-ray
induced structural transition in which charge order-
ing of Mn3+ and Mn4+ ions characteristic to the low-
temperature state of this compound is destroyed. The
CO phase can be restored by heating above TCO and
subsequently cooling. The charge-ordering correlation
length is smaller than 500A˚ at all temperatures. Together
with the recent reports on Pr1−x(Ca,Sr)xMnO3, our re-
sults demonstrate that the photoinduced transition is a
common property of the charge-ordered perovskite man-
ganites, and that structural changes play an important
role in this transition.
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